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1) 

Problem to be solved by the invention 

This invention improves safety and workability by improving the adhesion nature 
of seal material and preventing a gas leak, and by making an additional tightening of the 
seal material unnecessary. 

2) 

Operation 

According to this invention, since the main seal material foams simultaneously 
with hardening with heat and expands to an elastic body having independent air bubbles 
at between a pair of auxiliary seal materials which have been secured beforehand, even 
if each seal surface has irregularities, the main seal material joins closely thereto to 
provide a remarkable sealing property. Furthermore, the seal portion is free from 
loosing as in the past, making a troublesome and difficult additional tightening 
unnecessary. 
Example 

An example of the present invention will be explained with reference to the seal 
method in the case of Fig. 2 described above. 

A battery frame (3) is attached to each end surface of a battery stack (1) through a 
seal portion (4j), and these neighboring frames are elastically connected to secure the 
battery stack (1) from the perimeter. Since an example of this elastic connection 
means is shown in the above-mentioned Japanese Patent Application Unexamined 
Publication No. 58-197679, its details are omitted. 

As shown in Figs. 3 to 5, each seal surface of this battery frame (3) has a pair of 
frame-like engagement grooves (5) (5) and a frame-like hollow (6) between these 
grooves. A pair of auxiliary seal materials (7) (7) which are formed from vulcanized 
fluorine based rubber (Viton Rubber) have their projections fitted in the respective 
engagement grooves (5) (5) and are fixed. 

Fluorine based crude rubber containing the foaming agent (for example, 
ammonium hydrogencarbonate) and hardening agent (for example, amine based 
substance) which forms the main seal material (8) is string-like as shown in Fig. 3, and 
is fitted in the hollow (6) of the battery frame (3) after applying fluororesin grease. 
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Since this string expands as will be mentioned later, its cross section area is made small 
in comparison with the space defined by the pair of engagement grooves and the hollow. 
Although Fig. 3 shows the stack side of the battery frame (3) and Fig. 4 shows an 
enlarged view of the manifold side, the composition of their seal portions are the same. 

At the seal portion (4j) between the battery stack (1) and the battery frame (3), 
and at the seal portion (4 2 ) between the battery frame (3) and the manifold (2), a pair of 
auxiliary seal materials (7) (7) and (7) (7) fixed to both seal surfaces of the frame (3) 
weld by pressure to a battery stack surface and a manifold mounting surface, 
respectively, due to the above-mentioned elastic connection between neighboring 
frames for the former and the tightening of a bolt (9) for the latter. This state is shown 
in Fig. 5 (-f ). 

Subsequently, by the temperature rise (about 130°C) of the battery stack (1), the 
main seal material (8), which was initially string-like, undergoes foaming and hardening 
at the same time, and expands and forms a foam body having independent air bubbles as 
exaggeratedly shown in Fig. 5( n ). This foam body fills in the space defined by the 
pair of auxiliary seal materials (7) (7) and the hollow (6), while forcibly entering small 
clearances between the auxiliary seal material (7) and the battery stack surface and the 
manifold mounting surface by its strong expansive force, thereby constituting the main 
seal material (8) which absorbs irregularities on each seal surface and has a high gas 
tightness. The pair of auxiliary seal materials (7) and (7) also serve as the component 
which controls the expansion of the transient seal and the main seal material (8) to the 
side. 

Fig. 6 is a sectional view of both seal portions (4i) and (42), and Fig. 7 is a 
sectional view along the X-X line of Fig. 6. In these figures, 8' shows an outer skin 
layer of the main seal material (8) after its foaming. 

Although the example above has been described with reference to the case of Fig. 
2, the seal method for the case of Fig. 1 is substantially the same as is shown in Fig. 8. 
Note, however, that the manifold (2) is fixed only at its upper-and-lower mounting 
surface by means of a bolt (not shown) which is tightened to an upper-and-lower end 
plate (not shown) of the battery stack (1). 
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